57 Fe Mössbauer spectroscopy measurements were performed on a powdered CuFe 2 Ge 2 sample that orders antiferromagnetically at ∼ 175 K. Whereas a paramagnetic doublet was observed above the Neél temperature, a superposition of paramagnetic doublet and magnetic sextet (in approximately 0.5 : 0.5 ratio) was observed in the magnetically ordered state, suggesting a magnetic structure similar to a double-Q spin density wave with half of the Fe paramagnetic and another half bearing static moment of ∼ 0.5 − 1 µ B . These results call for a reevaluation of the recent neutron scattering data and band structure calculations.
Introduction
The rRecent discovery of superconductivity in iron-based compounds, [1] followed by a flare of experimental and theoretical studies of related materials, [2, 3, 4 , 5] restored interest in Fe-based intermetallics with either magnetic order or enhanced Fermi-liquid properties and possible strong magnetic fluctuations, renewing, for example, interest in the RFe 2 Ge 2 (R = rare earth) series. [6, 7, 8, 9, 10, 11, 12] Among other materials the electronic structure and magnetism of CuFe 2 Ge 2 , [13] were investigated in some detail. [14, 15] Unlike many other so-called 122 compounds, CuFe 2 Ge 2 crystallizes in an orthorhombic structure (space group 51, P mma), with a 2a site for Cu, 2d and 2f sites for Fe and 2e and 2f sites for Ge. [13] Band structure calculations [14] suggested that CuFe 2 Ge 2 has a magnetic ground state that is ferromagnetic along a direction and antiferromagnetic in other directions. Calculated magnetic moments on two Fe sites differ by less than 5%.
Magnetization measurements in CuFe 2 Ge 2 [15] showed an onset of a ferromagneticlike transition at ≈ 228 K. On further cooling, multiple experimental techniques, including powder neutron diffraction, [15] identified a commensurate antiferromagnetic ordering below T N ≈ 175 K. The commensurate structure was described by the propagation vector (0, 1/2, 0), so that the moments are aligned antiferromagnetically along b, with chains of Fe(1) atoms ferromagnetically coupled along a and antiferromagnetically coupled with Fe(2) atoms. [15] The magnetic moments evaluated from the neutron diffraction data refinement were 0.36(10) µ B on Fe(1) and 0.55(10) µ B on Fe(2) at 135 K. An incommensurate spin density wave structure was reported to set in below ≈ 125 K with a coexistence of two structures between approximately 70 and 125 K. The incommensurate structure at 4 K was described by the propagation vector ( 0, 1/2, 0.117) with magnetic moments of 1.0(1) µ B on Fe(1) and 0.71(10) µ B on Fe (2) . The direction of the moments in both commensurate and incommensurate magnetic phases was suggested to be along the c-axis direction.
CuFe 2 Ge 2 was identified as a metallic compound with competing magnetic ground states, that are possibly strongly coupled to the lattice and easily manipulated using temperature and applied magnetic felds. [14, 15] Additionally, powder neutron diffraction data allowed for some ambiguity in the modeling of the data. [15] All this suggested that further studies, in particular with other local probes, would be desirable to gain understanding of magnetism in this compound.
In this work we use 57 Fe Mössbauer spectroscopy to perform a study of CuFe 2 Ge 2 , over a large temperature range that includes the paramagnetic and suggested magnetically ordered states. 
Synthesis and general characterizatoion
Polycrystalline samples of CuFe 2 Ge 2 were prepared by arc melting high purity elements on a water cooled copper hearth under ∼ 10 mTorr of Ar atmosphere, followed by annealing. The weight loss after arc melting was ∼ 2%. The arc melted sample was put in an alumina crucible, sealed in an amorphous silica tube under a partial Ar atmosphere, and then annealed at 600
• C for 168 hours and furnace -cooled. Given that Ref. [15] emphasized the importance of annealing at this temperature, we made every effort to reproduce their annealing procedure.
Room temperature powder x-ray diffraction was performed using a Rigaku
MiniFlex II diffractometer and zero diffraction, silicon sample holder. The results were analyzed using the GSAS software package. [16] The results ( 
Mössbauer spectroscopy
Mössbauer spectroscopy measurements were performed using a SEE Co. conventional, constant acceleration type spectrometer in transmission geometry with a 57 Co(Rh) source kept at room temperature. The absorber was prepared by mixing ground polycrystalline CuFe 2 Ge 2 with a ZG grade (high purity) BN powder to ensure homogeneity. The absorber was placed between two nested, white Delrin, cups of the absorber holder. The absorber holder was locked in a thermal contact with a copper block with a temperature sensor and a heater.
The absorber was cooled to a desired temperature using a Janis model SHI-850-5 closed cycle refrigerator (with vibration damping). The driver velocity was calibrated using α-Fe foil. Isomer shift (IS) values are quoted relative to the α-Fe foil at room temperature. The Mössbauer spectra were fitted using either the commercial software package MossWinn 4.0 Pre, [17] or the MossA package [18] with both analyses giving very similar results.
57 Fe Mössbauer spectra at selected temperatures are shown in Fig. 4 . There is no apparent difference between the 296 K and 200 K spectra, so the feature observed in our magnetization data as well as in Ref. [15] near ∼ 230K is most probably associated with a small (below the detection level of the Mössbauer spectroscopy) ferromagnetic impurity. In the paramagnetic state the spectra were fitted with one doublet. Whereas this, at first glance, may appear to be at odds with two distinct Fe sites in the CuFe 2 Ge 2 crystal structure, most probably the hyperfine parameters for Fe at both sites are close enough that two separate doublets are not resolved in our measurements, instead a single doublet with rather large linewidth is observed.
The spectra change significantly below ∼ 175 K (Fig. 4) . They become a superposition of a magnetic sextet and non-magnetic doublet. The results of the fits suggest that approximately half of the Fe sites bear no static magnetic moment and another half bear an ordered magnetic moment. Although it does not follow directly from the data, is seems reasonable to assume that Fe is magnetically ordered on one crystallographic site and not on the other.
Very similar Mössbauer spectra were observed in so-called C 4 phase of e.g.
Sr 0.63 Na 0.37 Fe 2 As 2 [19] for which a double-Q spin density wave model of the magnetic structure was suggested. A closer look at the isomer shift and the quadrupole splitting associated with the doublet reveals anomalies at approximately the magnetic ordering temperature. These anomalies are not surprising since the magnetic transition is accompanied by the visible features in the c -lattice parameter [15] that can affect structural and electronic environments of the Fe atoms in the structure.
The temperature dependence of the hyperfine field inferred from the sex-tet in the Mössbauer spectra is presented in Fig. 6 . The hyperfine field, B hf , varies continuously and approaches zero smoothly for T ≥ 181 K. This behavior is consistent with a second order of the magnetic phase transition. There is no discernible feature at ∼ 125 K, where transition from commensurate to incommensurate spin density wave state was inferred from neutron scattering data. [15] The B hf (T ) dependence was fitted using a phenomenological form [22] where T N is Néel temperature, α and β 
Discussion and Summary
The results of 57 Fe Mössbauer spectroscopy measurements at different temperatures on CuFe 2 Ge 2 confirm that at ∼ 180 K this compound has a second order transition to a magnetically ordered phase. In contrast to the published interpretation of the neutron scattering data and to the band structure calcula- 
